Mannitol, a sugar alcohol used in commercial food products, induced sex-specific mortality in 32 the fruit fly Drosophila melanogaster when ingested at a single concentration (1M), and female 33 mortality was greater than male mortality. We hypothesized that sex differences in energy needs, 34 related to reproductive costs, contribute to increased mortality in females compared to males. To 35 test for the effects of reproductive costs, we compared longevity to 21 days of actively mating 36 and non-mating flies fed various concentrations of mannitol. We also asked whether mannitol-37 induced mortality was concentration-dependent for both males and females, and if mannitol's 38 sex-specific effects were consistent across concentrations. Females and males both showed 39 concentration-dependent increases in mortality, but female mortality was consistently higher at 40 all concentrations above 0.75M. Fly longevity to 21 days decreased further for both sexes when 41 housed in mixed sex vials (as compared to single sex vials), suggesting the increased energetic 42 demands of reproduction for both sexes may increase ingestion of mannitol. Mannitol fed to 43 larvae did not alter emerging adult sex ratios, suggesting that sex-specific mortality due to 44 mannitol occurs only in adults.
6 118 analysis tests. Mean pr(mortality) and standard error were calculated for each concentration. A 119 three-parameter sigmoid curve was fitted to survival data from all females in Sigmaplot to assess 120 adult female LC 50 at 21 days; male LC 50 could not be calculated as males did not reach 50% 121 mortality at 21 days at any tested mannitol concentration. 122 Differences in emerging adult sex ratios were tested using a chi square in GraphPad 123 against an expected 50-50 male-female ratio [28] , with the same sample size as in the treatment 124 vial. All treatment vial sex ratios were also tested against our control vials using a chi square. Flies fed control foods without molasses did not differ in their longevity to 21 days from 133 those fed control foods with molasses (X 2 =0.2, p=0.66), demonstrating that this source of 134 carbohydrates is not necessary for adult D. melanogaster survival to 21 days, and that leaving 135 molasses out of the mannitol treatment foods did not affect longevity during this time period. 136 Longevity over 21 days was dependent on mannitol concentration for both sexes. Female 137 longevity did not significantly differ from the no molasses controls in the 0.25M treatment 138 (X 2 =0.73, p=0.39), but differed significantly in all other mannitol treatments (Figure 1; 0.5M: 139 X 2 =4.30, p=0.04; 0.75M: X 2 =24.84, p<0.001; 1M: X 2 =37.88, p<0.001; 1.5M: X 2 =17.82, 7 140 p<0.001; 1.5M: X 2 =26.788, p<0.001). Male longevity to 21 days did not differ significantly from 141 the no molasses controls in the 0.25M (no difference observed) or 0.5M (X 2 =3.07, p=0.08) 142 treatment, but differed significantly in the other treatments (Figure1; 0.75M: X 2 =8.81, p=0.003; 143 1M: X 2 =15.60, p<0.001; 1.5M: X 2 =7.86, p=0.005; and 2M: X 2 =7.69, p=0.006). (bottom) D. melanogaster given control food or foods with increasing concentrations of mannitol 147 (0.25M to 2M). Observations were terminated at 21 days of age (n=45flies/sex/treatment).
148
Highly significant differences (p<0.01) from the no molasses control are in black, non-significant 149 differences are in grey.
151
The best-fit sigmoidal curve for adult female LC 50 data at 21 days was: This curve was a significant fit to the data (Figure S1; R 2 =0.898, p=0.013) and using the 154 equation we estimated the adult female LC 50 at 21 days to be 0.76M mannitol. Males did not 155 have an LC 50 in this experiment; maximum adult male mortality at 21 days was 30.2%, in the 1M 156 mannitol treatment.
157
Adult male and female flies did not differ in their longevity to 21 days in either 0M 158 condition (control: X 2 =0.33, p=0.57; no molasses: X 2 =2.02, p=0.16) or the 0.5M mannitol 159 treatment (X 2 =2.79, p=0.09). The sex difference was marginally significant in the 0.25M 160 treatment (X 2 =4.07, p=0.04). Adult females had highly significantly decreased longevity relative 8 161 to males in the other treatments ( Figure 2 ; 0.75M: X 2 =10.65, p=0.001; 1M: X 2 =12.13, p<0.001; 162 1.5M: X 2 =7.92, p=0.005; 2M: X 2 =13.54, p<0.001). given control food or foods with varying concentrations of mannitol (0.25M to 2M).
166
Observations were terminated at 21 days of age (n=45flies/sex/treatment). Highly significant 167 differences in survival distributions (Mantel-Cox; p<0.01) are denoted by three stars, significant 168 differences (p<0.05) are denoted by two stars, nearly significant differences (p<0.1) are denoted 169 by one star, and non-significant differences have no symbols.
171
When dead females from mannitol treatments were dissected, white matter was found within the 172 crop and often also around the mouth and anus; this was not true of living flies sacrificed from 173 the 0M foods at the same time point ( Figure 3 ). Blue dye was found in nearly 100% of flies by 174 visual inspection on Day 1 of trials, and fecal matter was blue in all treatment vials, proving that 175 the flies consumed the mannitol foods. However, flies in the mannitol treatments were rarely 176 found with blue in their guts on the day of their death, suggesting the dye was excreted. reproduction [20] . Females feed more frequently, and consume greater volumes of food, than 227 males because oogenesis is both energetically and nutritionally costly [13] [14] .
228
Differences in longevity to 21 days between single-sex and mixed-sex vials may also be 229 related to reproductive energetic demands that generate differences in food ingestion and self- via increased food ingestion in order to meet the energetic demands of mating and reproduction 250 may cause the mating vs. virgin effect seen for both males and females in this experiment at high 251 concentrations.
252
Emerging adult sex ratios in vials of larvae fed mannitol did not differ significantly from 253 sex ratios in control vials, or from a 50-50 sex ratio. Both male and female larvae fed mannitol 254 also had similar increases in their mean times to eclosion over increasing mannitol treatments.
255
The delayed eclosion of larvae of both sexes (and lack of a sex-specific mortality in emerging 256 adults) may indicate significant differences in how mannitol impacts developmental stages of the 257 same species. In addition, ~70% fewer larvae of either sex emerged in the 0.8M as compared to 258 the 0M vials (while 0M and 0.4M saw similar numbers) -however, because we did not control 259 for the number of eggs laid in each vial, we cannot definitively state that mannitol reduced 260 survival in larvae.
261
Our data showed a significant difference in response to mannitol based on sex in adults 262
only. An alternative hypothesis to reproductive demands is that the presence of mannitol in food 263 signals different behaviors in adult males and females, as sexual dimorphism has been found in treatments; n=15 flies/sex for mixed-sex treatments). Males and females housed together in 1-
465
2M mannitol treatments had much lower survival to 21 days than males or females housed in 466 single-sex vials.
